Introduction: Management of non-traumatic perforation of the small intestine has always been a consideration for surgeons because of associated enormous morbidity and mortality. There is a paucity of data on the management of non-traumatic perforation of the small intestine. Methodology: A retrospective study was conducted which involved analysis of 192 patients treated for non-traumatic perforation of small intestine in a tertiary care teaching hospital in North India. The clinical profile and management of the patients were studied. Results: The most common cause of non-traumatic perforation of small intestine was typhoid (46.4%), followed by non-specific inflammation (39.2%), tuberculosis (12.8%) and malignant neoplasm (1.6%). Primary repair was the most frequent procedure (44.0%), followed by ileostomy (25.5%) and resection-anastomosis (19.3%). Superficial wound infection was the most frequent postoperative complication (46.8%), followed by wound dehiscence (31.3%). The wound infection rate was reduced significantly following delayed primary closure of skin incision. Enterocutaneous fistula/leak developed in 11.5% patients. Salvage ileostomy for post-operative intestinal leak resulted in a better survival rate as compared to conservative treatment (85.7% vs. 50.0%). The overall mortality rate was 16.6%. Conclusion: Operative procedures undertaken for the management of non-traumatic perforation of small intestine can be classified into two groups: procedures that leave an intestinal suture line inside the peritoneal cavity and procedures that do not. The no suture line-in procedure seems to be better option in adverse patient conditions.
Introduction
Non-traumatic perforation of the small intestine is one of the common surgical emergencies encountered by surgeons in developing countries. Causes of non-traumatic perforation of the small intestine in developing countries are clearly different from those observed in developed countries [1] . Patients often present late with purulent peritonitis and poor general condition [2] . As a result, serious complications such as post-operative peritonitis caused by a leak from repaired intestine, superficial wound infection, and complete wound dehiscence are not uncommon. The management of complications is particularly difficult in developing countries due to limited resources, particularly facilities for parenteral nutrition. The present retrospective study was undertaken to evaluate the existing management practices and outcomes in patients operated for nontraumatic perforation of the small intestine at our institution.
Methodology
A retrospective study was conducted in the Department of Surgery at University College of Medical Sciences and Guru Teg Bahadur Hospital, Delhi.
Data collection
A total of 192 patients of non-traumatic perforations of the small intestine operated in emergency surgery over a period of two years were analyzed. The patients with intestinal perforations secondary to mesenteric ischemia and obstruction or strangulation due to intra-abdominal adhesions, hernia, or volvulus were excluded from the study.
Patients and management
All the patients admitted with a tentative diagnosis of non-traumatic perforation of the small intestine were clinically assessed and adequately resuscitated with administration of intravenous fluids, antibiotics, and placement of nasogastric tube. A close watch was kept on the vital signs and urine output. Appropriate measures were taken to correct hemoglobin, blood sugar, blood urea, and serum electrolytes expeditiously. Plain abdominal X-rays were performed for evidence of pneumo-peritoneum. Contrast enhanced CT scan (CECT) of the abdomen could not be undertaken in these patients due to unavailability. A decision of laparotomy was made on clinical grounds supplemented by investigations.
At laparotomy, the operative findings were noted and the volume and nature of the exudates/ intestinal contents drained from the peritoneal cavity were recorded. The intestinal perforation was managed by one or more of the following procedures:
1. The edge of the perforation was excised and closed transversely in one layer by using number 2-0 silk/polyglactin. 2. Resection of the unhealthy segment of the intestine was done followed by end-to-end anastomosis (Ileo-ileal, end-to-side ileotransverse, or side-to-side ileo-transverse). 3. An ileostomy was made either by exteriorizing the bowel at the site or proximal to perforation (loop diverting ileostomy) or by exteriorizing end(s) of the ileum after resection of the unhealthy segment containing the perforation.
The peritoneal cavity was thoroughly lavaged with normal saline. Tube drains were placed to drain the pelvis and the paracolic gutters. The rectus sheath was closed by continuous no. 1 non-absorbable suture. The skin was approximated with either sutures or staples. In patients with gross peritoneal contamination (feculent and of a volume of more than one liter), the skin incision was not primarily closed on conclusion of laparotomy, but later on the fourth post-operative day as delayed primary closure. All patients received postoperative antibiotic therapy with ceftriaxone + metronidazole ± amikacin.
Attention was paid to major complications such as pulmonary complications, wound infection, wound dehiscence, residual intra-abdominal abscesses, and enterocutaneous fistula/leak. Appropriate measures, including a second operation, if required, were undertaken to manage the complications.
Statistical analysis
Analysis was performed using SPSS version 10.0 Statistical packages for windows (SPSS, Chicago, Illinois). Categorical data was compared using Pearson's chi-square test while Fisher's exact test was used to analyze data where cell frequency was small (< 5). Continuous data was analyzed by the Mann-Whitney (nonparametric) rank sum test. All P values were considered significant at < 0.05 (2 tailed).
Results
The study included 192 patients with a mean age of 29.3 ± 12.3 years (range 13-78 years) and a male to female ratio of 5:1. Duration of symptoms ranged from one to 12 days with a median of six days. Abdominal pain was the constant symptom present in all patients (100.0%; n = 192), while fever (70.8%; n =136), obstipation (55.2%; n = 106), and vomiting (35.9%; n = 69) were the other frequent symptoms. Twenty-nine patients (15.1%) were operated on within 24 hours of developing perforation (duration of symptoms) and 125 patients (65.1%) were operated on between one and four days of developing perforation. The remaining 38 patients (19.7%) presented to us after four days of developing perforation. Most of the patients (92.1%; n = 177) were operated on within 16 hours of hospital admission.
Operative findings
There was one perforation in 165 patients (85.9%) and two perforations in 15 patients (7.8%). The remaining 12 patients (6.2%) had three or more perforations. Ninety percent of the perforations were located in distal 100 cm. of ileum. Peritoneal contamination was assessed in terms of volumes of peritoneal exudates/ intestinal contents evacuated from the peritoneal cavity and its nature (reactionary, purulent and feculent). Contamination was less than one litre in 56.7% (n = 109) of patients; in the remaining 43.3% patients (n = 83), it was more than one litre.
Operative procedures
Primary repair of the perforation was the most frequently performed procedure (44.2%; n = 85), followed by ileostomy (25.5%; n = 49), resectionanastomosis (19.3%; n = 37), and a combination of these procedures in the remaining 10.9% (n = 21) patients. Skin incision was not closed primarily on conclusion of laparotomy in 19.5% (n = 37) of the patients. The data was analyzed to determine a significant association between several preoperative factors and choice of operative procedure. Documentation of shock at presentation, the presence of two or more perforations, and intraoperative contaminant volume of more than one litre appeared to favor the choice of ileostomy over primary closure or resection/anastomosis; however, this association was found to be statistically significant in the case of the last factor only (53.0% versus 18.9 %; P = 0.000, chi square test).
Postoperative complications
Superficial wound infection was the most frequent postoperative complication detected in 46.8% (n = 90) of patients, followed by wound dehiscence (31.3%; n = 50) ( Table 1) . Occurrence of wound infection had positive correlation with a perforation operation interval of greater than 48 hours (58.2% versus 34.8%; P = 0.004, chi square test) and the presence of two or more perforations (70.4% versus 43.0%; P = 0.008, chi square test). It was observed that the wound infection rate was reduced by a factor of 0.4 following delayed primary closure of skin incision as compared to primary closure (22.7% versus 54.9%; P = 0.007, chi square test).
Post-operative enterocutaneous fistula/leak developed in 22 patients (11.5%); however, only 2.0% of these developed following ileostomy while 31.3% developed when the primary repair was covered with proximal ileostomy. Enterocutaneous fistula/leak occurred in 14.1% and 10.8% of patients following simple closure and resection-anastomosis, respectively. These 22 patients were managed by either salvage ileostomy (14 patients) or conservatively (eight patients). Twelve of the fourteen patients (85.7%) who underwent salvage ileostomy survived, in comparison to four of eight patients (50.0%) who were managed conservatively following intestinal leak.
Thirteen patients developed intra-abdominal abscess and seven of these patients required drainage. One patient required revision of ileostomy for retracted stoma.
Mortality
The overall mortality was 16.6% (31 out of 192 patients). The mortality had a positive correlation with the presence of shock at admission (35.3% versus 14.3%; P = 0.036, chi square test), and peritoneal contaminant fluid volume above one liter (29.0% versus 7.7%; P = 0.005, chi square test). The mortality showed a positive correlation with increasing perforation-to-operation interval. The mortality rate was 3.4% for 29 patients whose perforation-to-operation interval was less than 24 hours, while it was 39.5% for 38 patients whose perforation-to-operation interval was greater than 96 hours. The difference was statistically significant (P = 0.000, chi square test). The mean hospital stay of the patients (n = 192) was 13.7 ± 9.1 days (median 11.0 days; range 1-63 days).
Etiology of intestinal perforation
The most common cause of non-traumatic perforation of the small intestine was typhoid (46.4%), followed by non-specific inflammation (39.2%), tuberculosis (12.8%) and malignant neoplasm (1.6%). Non-specific inflammation was diagnosed when biochemical (Widal test negative) and histopathological analysis revealed no specific cause. [3, 4] ; resection and anastomosis [5, 6] ; closure or resection with bypass procedure [7] ; and ileostomy [8] [9] [10] . Operative procedures undertaken for the management of nontraumatic perforation of the small intestine can be classified into two groups: (a) procedures which leave an intestinal suture line inside the peritoneal cavity: for example, primary closure of perforation, resection-anastomosis of the affected segment of intestine, or closure of the perforation and bypass; (b) procedures which leave no intestinal suture line in the peritoneal cavity: for example, ileostomy. In our study, 49 patients underwent ileostomy which did not leave a suture line in the peritoneal cavity, while 143 patients underwent procedures which left a suture line in the peritoneal cavity. The post-operative intestinal leak rate was only 2.0% in the former group while it was 14.8% in the second group. The suture line-in procedures present a considerable risk of intestinal leakage if the suture line does not heal satisfactorily due to the presence of one or more adverse factors. These suture line-in procedures performed only under favorable circumstances, such as in normotensive patients, in patients requiring a short perforation-to-operation interval, in patients with a low volume of peritoneal contaminant fluid, and/or when healthy non-edematous bowel wall was available for repair. For a single perforation, primary closure of the perforation was the procedure of choice. Large or multiple perforations localized in a segment of intestine, perforation in a loop of severely inflamed or friable bowel, and perforations associated with strictures warranted resection of involved intestine and anastomosis. The no suture line procedure (ileostomy), having no risk of suture line leakage, was suitable in adverse circumstances. The ileostomy, however, should not be used indiscriminately because both the procedure itself, as well as the need for another operation to close the ileostomy, inconveniences the patient.
Wound infection was the most frequent complication (46.8%). Incidence of wound infection has been variable in various studies, ranging from 19.5 to 95% [5, 8, [11] [12] [13] [14] [15] . The high incidence of wound infection in this series may be attributed to late presentation (median duration of symptoms is six days). Moreover, the hospital caters to a large underprivileged population and provides free treatment. Therefore, wide prevalence of malnutrition and vitamin deficiencies in this stratum of the population may also contribute to the high incidence of wound infection. The current study shows that the wound infection rate can be drastically reduced if the skin incision is not primarily closed at the conclusion of laparotomy. The adoption of this practice, particularly in patients presenting after several days of illness, and if the peritoneal cavity is grossly contaminated by frank pus/feces, is strongly recommended. The wound may be closed on the fourth post-operative day under local anesthesia and sedation.
The study gives insight into contemporary causes of non-traumatic perforation of the small intestine in this part of the world. Typhoid remains the major identifiable cause of small bowel perforation (46.4%), the second being tubercular perforation (12.8%). In a large proportion of cases (39.2%), the underlying cause was not identified and histopathological analysis revealed non-specific inflammation. Similar findings have been reported in a recent review of 12 series of small intestinal perforations [10] .
This study highlights the life-saving role of salvage ileostomy for post-operative intestinal leakage in comparison to non-operative treatment. The authors recommend that whenever intestinal leakage is suspected in the postoperative period, urgent exploratory laparotomy must be undertaken and the continuing peritoneal contamination should be controlled by exteriorizing the site of intestinal leak as ileostomy. Good outcome with conservative treatment using octreotide has been reported in the management of post-operative enterocutaneous fistula [14] . However, due to limited resources, conservative treatment involving octreotide and prolonged parenteral nutrition may not be a viable option for majority of our patients.
Conclusion
Typhoid, nonspecific enteritis, and tuberculosis were three common causes of non-traumatic perforation of the small intestine. Primary repair was the most frequent operative procedure, followed by ileostomy and resection-anastomosis, while wound infection was the most common postoperative complication. Operative procedures undertaken for the management of non-traumatic perforation of the small intestine can be classified into two groups: procedures that leave an intestinal suture line inside the peritoneal cavity and procedures that do not. The no suture line-in procedure seems to be better for patients with adverse factors. Therefore, the operative treatment for small intestinal perforations should be individualized according to preoperative factors and the operative findings. Delayed primary closure of the skin incision helps to reduce the wound infection rate. Salvage ileostomy seems to be a better option for postoperative intestinal leakage.
